Growth responses to variations in the culture media were determined turbidimetrically at 540 m,u using a Coleman Junior spectrophotometer.
Received for publication September 15, 1953 Two anaerobic microorgaisms were isolated by the enrichment culture technique from a sodium formate-mineral salts medium inoculated with black mud from the San Francisco Bay. One of these, a motile coccus designated Methanococcus vannielii, carries out a methane fermentation of formate (Stadtman and Barker, 1951) . The second organism that was almost equally numerous in the enrichment cultures is a clostridium that utilizes the Stickland reaction, a coupled oxido-reduction reaction between amino acid pairs. The addition of formate causes marked stimulation of growth of the clostridium under certain conditions. This observation suggested that the organism might be suitable biological material for studies on formate intermediary metabolism. Moreover, tracer experiments which are described in another communication showed that considerable amounts of formate carbon appear in alanine and the branched chain amino acids, valine, leucine, or isoleucine.
METHODS
Growth responses to variations in the culture media were determined turbidimetrically at 540 m,u using a Coleman Junior spectrophotometer.
Qualitative and semiquantitative estimations of amino acid utilization were made on 0.02 ml aliquots of the culture media applied directly to Whatman no. 1 filter paper and chromatographed in 80 per cent phenol, 80 per cent pyridine, 70 per cent propanol, or the butanolpropionic acid-water solvent system of Benson et al. (1950) . The amino acid spots were detected by treatment with ninhydrin. Complex media, before and after growth, were subjected to two dimensional chromatography whereas a single solvent system usually sufficed for examination of the media containing only a pair of amino acids. When a preliminary desalting step was necessary to achieve clean separations, "duolite C-V or "dowex-50" columns in the hydrogen cycle were employed. When culture filtrates which had been evaporated to small volumes were pased over such columns, all cations including amino acids which have a net positive charge at acid pH (1.0 to 2.0) were retained whereas neutral compounds and other acids passed through the resins. The amino acids were eluted quantitatively from the columns with 1 N NH4OH and freed from excess ammonia by-evaporation to dryness. Alanine and 5-amino valeric acid were estimated by the Moore and Stein photometric ninhydrin method (1948) after their isolation by means of paper chromatography. Proline and ornithine were estimated by the ninhydrin procedure of Chinard (1952) . Arginine was determined in aliquots of the unfractionated culture media using a modification of the Sakaguchi method (Macpherson, 1942) . Citruline was also determined directly on aliquots of the culture media by the method of Archibald (1944) .
Ammonia was distilled into boric acid and titrated with HC1 (Ma and Zuazaga, 1942) . Carbon dioxide was measured manometrically (Peters and Van Slyke, 1932) .
Fatty acids were separated from the growth media by steam distillation in the apparatus described by Markham (1942) and were isolated by partition chromatography on silica gel columns (Elsden, 1946) . Their purity was established by Duclaux distillation. Formic acid was estimated manometrically after oxidation to CO2 (Pickett et al., 1944 (Stadtman and Barker, 1951) where the organism is referred to as a rod shaped bacterium able to grow slightly in a formatemineral medium supplemented with 0. Chromatographic fractionation of reticulogen on Whatman no. 3 filter paper in 80 per cent phenol or in butanol-propionic acid-water resulted in the separation of a number of ninhydrin reactive bands. These were cut out, eluted with water, and tested for activity. Table 1 shows the distribution of activity on chromatograms of a reticulogen sample run in the two solvent systems. In both cases the entire chromatograms were sectioned into zones and tested. The unfractionated material was employed at a 0.1 per cent (dry weight) level in the test medium, and each chromatographic fraction was tested at a concentration corresponding to that at which it is present when 0.1 per cent (dry wt) of the unfractionated extract is used. In both solvent systems the fractions with significant activity contained ninhydrin reactive material. In view of these properties of the growth stimulatory material, it seemed entirely possible that it was peptidic in nature. Accordingly, mild acid hydrolyzates of insulin, prepared as for "strepogenin" standards (Kodicek and Mistry, 1952) , were tested for activity. Addition of the hydrolyzed material (5 mg per 10 ml medium) allowed growth comparable to the unfractionated liver preparations whereas unhydrolyzed insulin (Oginsky and Gehrig, 1952) , and the latter compound could be the product of a reductive deamination of ornithine (Woods, 1936 Results are given in pm per 100 ml medium. Cultures A and B contained 0.05 per cent sodium thioglycolate; cultures C and D, 0.03 per cent Na2S*9H20-Approximately 90 mg per 100 ml of liver solids ("reticulogen") were present in these media.
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The amounts of arginine that disappeared in samples A, B, and C, exclusive of that recovered as citrulline and ornithine, if converted entirely to 8-amino valeric acid via ornithine would still account for less than 50 per cent of the 8-amino valeric acid found. The only -other source is proline. Hence, proline must serve, at least partially, as oxidant in the fermentation. Whether or not part of the 6-amino valeric acid also arises from ornithine (i.e., whether ornithine serves to a certain extent as oxidant) can be established by examination of the 8-amino valeric acid formed when C'4 labeled ornithine and proline are fermented. The 8-amino valeric acid was isolated for purposes of identification in 200 to 300 mg amounts by paper chromatography of the cation fraction of the growth medium in the butanolpropionic acid-water system. Since the hydrochloride of the free amino acid is not satisfactory for characterization of the compound, the 2,4-dinitrophenol derivative was prepared (Porter, 1950) . The melting point (169 to 172 C), infrared spectrum, and Rf (0.68) in tertiary amyl alcohol-phthalate buffer, pH 5.0 (Blackburn and Lowther, 1951) , of the derivative were identical with the derivative of authentic 8-amino valeric acid (Eastman).
The arginine was converted to a number of compounds, the oxidized products being chiefly acetic acid and carbon dioxide. Keto (Stadtman, un- published data) when the clostridium is grown on yeast extract and C14 formate. More exact information as to its role in the fermentation of arginine or ornithine and proline awaits further isotope studies.
Another ninhydrin reactive material that was found to accumulate to a considerable extent during growth on arginine and proline proved to be a-alanine. This was identified by chromatography with authentic a-alanine in a variety of solvent systems and also by elementary analysis and infrared spectra of the crystalline compound. To obtain enough material for analysis, the cation fraction from 1.5 liters of growth medium was chromatographed on Whatman no. 3 filter paper in the butanol-propionic acid-water system. The alanine bands were cut out and eluted with water. The eluate was evaporated, decolorized with charcoal, and the product crystallized from methanol-water in the cold. About 80 mg of a white crystalline compound were obtained. The infrared spectrum of this material, after recrystallization, was identical with that of authentic L-a-alanine. When ilysine instead of proline was added to the growth medium as the hydrogen acceptor, a small amount of a-amino caproic acid (norleucine) appeared but no e-amino caproic acid accumulated. The possibility that lysine undergoes a complete reductive deamination to caproic acid was eliminated by examination of the fatty acid fraction which showed that no caproic acid accumulated. Instead, considerable amounts of butyric and acetic acids were found. It seems likely that the butyrate is derived chiefly from the lysine since only trace amounts of butyrate are found when arginine and proline are fermented. Thus, the role of lysine in the fermentation is complex and appears to involve proceses other than reductive deamination to the corresponding fatty acid.
DISCUSSION
The biochemical activities of a clostridium, strain HF, described above place it in the large group of nonsaccharolytic anaerobes in the genus Clostridium. In common with a number of these proteolytic bacteria, it catalyzes a "Stickland" reaction. Clostridium sporogenes, the organism studied extensively by Stickland (1935) and by Woods (1936) , utilizes ornithine as a hydrogen acceptor and converts it to 6-amino valeric acid. Arginine and citrulline replace ornithine in the fermentations by virtue of the fact that they are converted to ornithine, presumably by the arginine dihydrolase series of reactions. Woods (1936) found that arginine as well as ornithine is reduced by C. sporogenes, and since three moles of ammonia per mole of arginine were released, it is likely that the actual hydrogen acceptor is ornithine.
Both clostridium, strain HF, and C. sporogenes reduce -proline to 5-amino valeric acid. Lysine, however, is not utilized by C. eporogenes (Stickland, 1934) .
The amino acid pair, alanine and glycine, which is utilized by C. sporogenes and a variety of other clostridia (Clifton, 1940; Nisman et al., 1948) is not fermented by clostridium, strain HF.
DL-Serine and DL-threonine are reduced readily by dried cells and cell-free extracts of clostridium, strain HF, to alanine and a-amino butyric acid, respectively. The formation of another ninhydrin reactive material identified as glycine from these ,6-hydroxyamino acids suggests that the bacterial extracts may contain the glycine forming enzyme system studied by Vilenkina (1952) in rat and guinea pig liver extracts. The possible involvement of pyridoxal as coenzyme in the process is suggested by recent studies of Metzler et al. (1953) showing that a nonenzymatic cleavage of hydroxyamino acids to glycine and an aldehyde is catalyzed by pyridoxal and metal salts.
5UNMARY
The energy metabolism and nutritional requirements of a clostridium, strain HF, have been investigated. A "Stickland" reaction between ornithine and proline or lysine is catalyzed by the organism. Arginine and citrulline are converted to ornithine and thus can replace the latter as a substrate for growth.
Fermentation balances for the decomposition of arginine plus proline in the presence and absence of added formate are shown.
